BACKGROUND: Beta-blockers improve outcomes in patients with systolic heart failure. However, it is unknown whether their initial negative inotropic effect may increase 30-day allcause readmission, a target outcome for Medicare cost reduction and financial penalty for hospitals under the Affordable Care Act.
Heart failure is a leading cause of hospital readmission for Medicare beneficiaries, many of which are considered potentially preventable. 1, 2 The Affordable Care Act, the new United States healthcare reform law, has identified 30-day all-cause readmission in hospitalized Medicare beneficiaries aged ≥65 years as a target outcome for reduction of Medicare costs. It is projected that hospitals may collectively lose about $7 billion over next 10 years for above-average 30-day all-cause readmission. In patients with systolic heart failure, betablockers reduce mortality and hospitalization in the randomized controlled trial setting, 3, 4 and their use has been associated with lower risk of one-year mortality and readmission in the post-discharge setting. 5 However, beta-blockers have an early transient negative inotropic effect and concern remains that discharge initiation of these drugs in hospitalized patients with heart failure and reduced ejection fraction may adversely affect short-term outcomes and this has lately been heightened by the focus on 30-day all-cause hospital readmission in the Affordable Care Act. Therefore, the objective of the current study was to examine the association of discharge initiation of beta blockers with 30-day all-cause hospital readmission in hospitalized systolic heart failure patients.
MATERIALS AND METHODS

Data Source and Study Patients
We used the Alabama Heart Failure Project data for the current study, the details of which have been described previously. 6 Briefly, medical records of fee-for-service Medicare beneficiaries discharged with a principal diagnosis of heart failure from 106 Alabama hospitals between July 1, 1998 and October 31, 2001 were identified. [6] [7] [8] [9] A diagnosis of heart failure was based on the International Classification of Diseases, 9th Revision, Clinical Modification, codes for heart failure. Copies of the 9649 charts were abstracted by trained technicians who directly entered data into a computer database. The 9649 hospitalizations occurred in 8555 unique patients. For patients with multiple hospitalizations, charts from the first hospitalization were used. The selected medical records were then transferred from participating hospitals to the Central Clinical Data Abstraction Centers (CDAC) where trained technicians abstracted data from charts directly into a computer database using a data collection tool programmed by MedQuest Software. CDAC ensured reliability of the abstraction process through internal and external re-abstractions of 40 charts monthly. Reliability findings demonstrated agreement values >80% and Kappa values >0.60. 6
New Use of Beta-Blockers: Assembly of an Inception Cohort
Of the 8555 patients, 8049 were discharged alive, of these, 5479 (68%) had data on left ventricular ejection fraction, of which 3067 (68%) had ejection fraction <45%. Of these 3067 patients, 2202 (72%) were not on beta-blockers at admission. Of these, 383 (17%) received a discharge prescription for beta-blocker. Extensive data on baseline demographics, medical history including use of medications, hospital course, discharge disposition including medications, and physician specialty were collected.
Propensity Matching: Assembly of a Balanced Cohort
Because of the imbalances in baseline characteristics between patients receiving and not receiving beta-blockers (Table 1) , we used propensity scores to assemble a cohort of patients in which those receiving and not receiving these drugs would be well-balanced on measured baseline characteristics. [10] [11] [12] [13] [14] We began by estimating propensity scores or probability of receiving discharge prescription of beta-blockers for each of the 2202 patients using 36 measured baseline characteristics displayed in Figure 1 . Using a greedy matching protocol, we were able to match 380 of the 383 patients receiving beta-blockers with 380 patients not receiving these drugs who had similar propensity scores. [15] [16] [17] We then estimated absolute standardized differences of the 36 measured covariates for the two treatment groups, and presented the percentages of pooled standard deviations as Love plots. [18] [19] [20] [21] An absolute standardized difference of 0% indicates no residual bias and differences <10% are considered inconsequential.
Outcomes
The primary outcome of the current analysis was 30 day all-cause hospitalization. Secondary outcomes included all-cause mortality, heart failure hospitalizations and the combined end point of all-cause readmission or all-cause mortality. Time to all outcomes started from the date of discharge from the index hospitalization. Data on outcomes and time to events were obtained from the Centers for Medicare and Medicaid Services Denominator File, Medicare Provider Analysis and Review File and Inpatient Standard Analytical File.
Statistical Analysis
For descriptive analyses, we used Pearson Chi square and Wilcoxon rank-sum tests for comparisons. Kaplan-Meier plots and Cox regression analyses were used to determine the associations of discharge initiation of beta-blocker therapy with 30-day all-cause readmission. We repeated the Cox model for other outcomes at 30 days and 4 years postdischarge. All outcomes analyses were based on matched cohort. All statistical tests were two-tailed with a p-value <0.05 considered significant. Statistical analyses were performed using SPSS-22 for Windows (IBM Corp. 2013. IBM SPSS Statistics for Windows, Armonk, NY).
Results
Baseline Characteristics
Matched patients had a mean age (±SD) of 73 (±11) years, 44% were women, and 33% were African American. Pre-match imbalances in the distribution of age, race, history of prior heart failure, comorbidities and treatment between patients receiving and not receiving beta blockers were well-balanced after matching ( Table 1 and Figure 1 ).
Beta-Blocker Use and 30-Day All-Cause Readmission
30-day all-cause hospital readmission occurred in 20% and 23% of matched patients receiving and not receiving beta-blockers, respectively (hazard ratio {HR} when betablocker use is compared with their non-use, (hazard ratio {HR}, 0.87; 95% confidence interval {CI}, 0.64-1.18; p=0.337; Table 2 ). Beta-blocker use also had no association with heart failure readmission -occurring in 8% of matched patients receiving and not receiving beta-blockers, (HR 0.95; 95% CI, 0.57-1.58; Table 2 ).
Other Outcomes
There were only 26 (3.5%) deaths during the first 30 days of post-discharge follow-up. Allcause mortality occurred in 2% and 5% of those receiving and not receiving beta blockers, respectively (HR, 0.29; 95% CI, 0.12-0.73). When stratified by EF< 20 patients, all cause readmission occurred in 12% vs 23% of those receiving beta blockers vs not receiving beta blockers,(HR,0.5;95% CI,0.20-1.24). Combined outcome of 30 day all cause readmission and allcause mortality occurred in 21 % and 26 % of those receiving and not receiving discharge prescription of beta blockers, respectively (HR, 0.81; 95% CI, 0.60-1.09; p-0.166; Figure 2 and Table 2 ). This latter association did not vary between patients with EF <20% or 20-44%.
Beta-blocker use had no significant association with all-cause or heart failure readmission during 4 years post-discharge. However, there was significant reduction in both all-cause mortality (HR, 0.81; 95% CI, 0.67-0.98) and the combined outcome of all-cause readmission or all-cause mortality (HR, 0.86; 95% CI, 0.74-0.97) during 4 years after hospital discharge.
Discussion
Findings from the current study demonstrate that a discharge prescription for beta-blocker was associated with a significantly lower risk of 30-day and 4-year all-cause mortality without significantly increasing the risk of 30-day all-cause or heart failure readmissions. The use of beta-blockers was also associated with a similar lower risk of the combined end point of all-cause readmission or all-cause mortality at 30 days and 4 years; however, only the 4-year association was statistically significant, likely due to higher events. These results, based on a rigorously conducted study, using an inception-cohort propensity-matched design suggest that hospitalized older patients with systolic heart failure may be prescribed betablockers without concerns for adversely affecting 30-day all-cause readmission, an outcome with financial implications for nation's hospitals.
Findings from laboratory animals and human studies suggest that beta-blockers prevent and reverse maladaptive ventricular remodeling in heart failure, 22, 23 which explain their beneficial effect on heart failure hospitalization and heart failure death. 3, 4 However, this effect of beta-blockers may not be apparent until after one month of therapy, 24 which may in part explain the lack of association between beta-blocker use and lower 30-day readmissions. Further, the early beneficial effect of beta-blockers on disease progression and symptoms may also have been attenuated by the negative inotropic effects of these drugs. Older heart failure patients often restrict their physical activity to avoid symptoms and hospitalization. 25 If more symptomatic patients in the non-beta-blocker group avoided symptoms by restricting mobility they are less likely to be readmitted, thus attenuating the between-group difference. However, in these same patient population, the use of digoxin and angiotensin-converting enzyme inhibitors or angiotensin receptor blockers was associated with lower readmission, 17 ' 26 suggesting that the effect of beta-blockers on readmission maybe mild in hospitalized older systolic heart failure patients. Beta-blockers reduce both sudden cardiac death and pump failure death. 3 , 4 The mode of death in hospitalized older patients with advanced systolic heart failure would be expected to be predominantly due to pump failure. [27] [28] [29] [30] [31] However, because of the time-lag associated with ventricular remodeling, 24 the lower 30-day all-cause-mortality in our study would be expected to be primarily due to reduction of sudden death. Given the small number of deaths during the 30-day postdischarge period, chance remains a possibility which might have inflated the hazard ratio.
Several studies have examined the short-term effect of beta-blockers on outcomes. In the Carvedilol Prospective Randomized Cumulative Survival (COPERNICUS) trial, in clinically euvolemic patients with systolic heart failure, the mortality benefit of carvedilol appeared to begin early though it was not statistically significant, likely due to small number of events. 32 In the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure (OPTIMIZE-HF) registry, among hospitalized systolic heart failure patients, the use of beta-blockers was associated with an 11% (95% CI, 1%−20%) significantly lower all-cause readmission at one year post-discharge. 5 Although data on 30-day all-cause readmission were not presented, the magnitude of the association between beta-blocker use and all-cause readmission in that study is similar to that observed in our study.
Although the use of beta-blockers in systolic heart failure has increased in recent years, 5 concerns about how their initial negative inotropic effect may adversely affect readmission remain a barrier to their use before hospital discharge. Due to recent focus on 30-day allcause readmission, hospitals and clinicians are under pressure to lower this outcome to avoid financial penalties, and this may further cause underutilization of these drugs during hospital discharge. However, findings from the current study should be reassuring. Heart failure patients not receiving evidence-based drugs during hospital discharge often do not receive them after discharge, [33] [34] [35] and considering the mortality benefit of beta-blockers in older systolic heart failure patients, this guideline-recommended evidence-based therapy should be 
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Author Manuscript initiated before hospital discharge to all systolic heart failure patients without an absolute contraindication. 36 A pre-discharge (vs. post-discharge) initiation of beta-blockers has also been shown to be associated with higher use of beta-blockers without higher readmission. 37 Our study has several limitations. Despite the use of propensity matching to assemble a cohort that was balanced in measured baseline characteristics, as in any observational study, bias due to imbalances in unmeasured covariates is possible. Lack of data on cause-specific deaths, invasive hemodynamic measurements, and dosage of beta-blockers used are other limitations. We also had no data on post-discharge use of medications, but, treatment crossover is likely to be minimal. [33] [34] [35] Although a resultant regression dilution may underestimate observed associations, 38 it is unlikely to explain the null association with readmission as there was a significant association with mortality. Chance and lower numbers of mortality events in 30 days could have erroneously inflated hazard ratios.Although the current study is based on a single state from the early 2000s, outcomes in heart failure patients in Alabama is similar to national estimates, 1, 39 and management of hospitalized older systolic heart failure patients has not evolved much in the past decade.
Conclusions
Among Medicare beneficiaries with heart failure and reduced ejection fraction hospitalized for acute decompensation, a discharge prescription for beta-blockers was associated with lower 30-day all-cause mortality without higher 30-day all-cause or heart failure readmissions suggesting that these drugs can be prescribed before hospital discharge without concerns for adversely affecting 30-day all-cause readmission, an outcomes of substantial financial consequences for nation's hospitals. Absolute standardized differences comparing 36 baseline characteristics between patients receiving and not receiving discharge prescription of Beta-blocker, before and after propensity score matching (ACE=angiotensin-converting enzyme, ARB=angiotensin receptor blockers, COPD=Chronic obstructive pulmonary disease) Table 1 Baseline characteristics of Medicare beneficiaries hospitalized for heart failure and ejection fraction <45, not receiving prior betta-blocker therapy, by the receipt of a new discharge prescription for beta-blockers, before and after propensity score matching Table 2 Association between a new discharge prescription for beta-blocker and 30-day post-discharge outcomes in a propensity-matched cohort of Medicare beneficiaries hospitalized for heart failure 
